hypothesis is proposed that in Aspergillus, Neurospora and Escherichia coli Lglutamate represses the synthesis of glutamate dehydrogenase and L-glutamine represses the synthesis of glutamine synthetase. 5. A comparison of the glutaminesynthesizing activity and the y-glutamyltransferase activity of glutamine synthetase in Aspergillus and Neurospora gave no indication that these fungi produce different forms of glutamine synthetase when grown on ammonia or L-glutamate as nitrogen sources. It has been observed in both fungi and bacteria that the amount and type of nitrogen source available to the cells during growth considerably affect the activities of both glutamate dehydrogenase [L-glutamate-NADP+ oxidoreductase (deaminating) (EC 1.4.1.3)] and glutamine synthetase [L-glutamate-ammonia ligase (ADP) (EC 6.3.1.2)].
In Neuro8pora crassa (Sanwal & Lata, 1962 ) growth on high concentrations of urea, or ammonia, or L-glutamate as sole nitrogen source results in low activities of glutamate dehydrogenase compared with the activities found in cells grown on low concentrations of ammonia. In E8cherichia coli (Woolfolk, Shapiro & Stadtman, 1966) growth on ammonia results in high activity of glutamate dehydrogenase and low activity of glutamine synthetase, whereas growth on L-glutamate results in low activity of glutamate dehydrogenase and high activity of glutamine synthetase. It has also been reported that growth on ammonia results in low glutamine synthetase activity in yeast (Kohlhaw, Dragert & Holzer, 1965) and that growth on L-glutamine results in low glutamine synthetase activity in Lactobacillus arabinosM8 (Ravel, Humpherys & Shive, 1965) and in E. coli (Wu & Yuan, 1968) . In fact there are reports, for a variety of micro-25 organisms, that urea, ammonia and L-glutamate repress the synthesis of glutamate dehydrogenase and that L-glutamate induces and L-glutamine represses the synthesis of glutamine synthetase. It is difficult on the basis of published data to provide a consistent model to explain the action of these compounds on the synthesis of the two enzymes. Several authors have speculated about indirect effects of these compounds on the general nitrogen status of the cells to account for the activities of glutamate dehydrogenase and glutamine synthetase observed (Woolfolk et al. 1966; Wu & Yuan, 1968) . The chief objective of the work reported here was to clarify the action of various low-molecular-weight compounds on the induction and repression of glutamate dehydrogenase and glutamine synthetase in micro-organisms.
It has been reported by Kingdon, Shapiro & Stadtman (1967) that E. coli produces two distinct forms of glutamine synthetase, depending on the manner in which the organism is grown. The two forms of the enzyme can be distinguished by their catalytic activity. A comparison of certain properties of the glutamine synthetase from Aspergillu8 and Neuro8pora and those reported for glutamine synthetase from E. coli is reported here. Bioch. 1969, 115 MATERIALS AND METHODS Aspergillus nidulans 8train8. A biotin-requiring strain bi-1 was used as the prototrophic strain with respect to nitrogen metabolism. The mutant niaD-15 lacked nitrate reductase activity; the mutant niiA-4 lacked nitrite reductase activity; the mutant nuiB-1 lacked both nitrate and nitrite reductase activities (Pateman, Rever & Cove, 1967) . The mutant UZ-4 lacked urease activity (Scazzocchio & Darlington, 1967) .
Neurospora crassa. The prototrophic strain was basically St Lawrence 74A (Pateman, 1959) .
Escherichia coli. Stock laboratory cultures of E. coli B and E. coli K were used.
Cell culture and preparation of cell-free extract8. Mycelium of A8pergillus and Neurospora was grown in shaken culture for 20hr. at 25°. The harvesting and preparation of cellfree extracts was essentially as described for A8pergillws by Cove (1966 Glutamine synthetase-y-glutamyl transfer reaction. The procedure was that given by Woolfolk et al. (1966) except that the composition of the reaction mixture was: 0-2M-L-glutamine; 20mM-sodium arsenate; 3mM-MnCI2; 50mM-hydroxylamine; ImM-ADP; 5O-100ll. of cell-free extract; 20mM-tris-HCl buffer, pH8.0, to a final volume of 2-0ml. The reaction mixture was incubated for 5min. at 370, the reaction stopped and colour developed by adding 0-5 ml. of acid FeCl3 soln. The brown colour due to y-glutamylhydroxamate formation in reaction mixtures with and without L-glutamine was measured at 540nm. Specific activity is expressed as AEs4011min./mg. of protein, since it was not possible to obtain an authentic sample of yglutamylhydroxamate.
Glutamine synthetase-L-glutamnine synthesis reaction. The reaction catalysed in vivo by glutamine synthetase is:
It is possible to assay this activity in vitro by measuring the phosphate released. The procedure was to use [32P]ATP and determine the amount of inorganic 32p released. The reaction mixture, modified from Woolfolk et al. (1966) , was: 100mM-L-glutamic acid; aq. 50mm-NH3; 50mM-MgCl2; 7-6mM-[32P]ATP; 501J. of cell-free extract; lOOmM-tris-HCI buffer, pH7-5, to a final volume of 200,1l. After incubation for 5-lOmin. at 350 the reaction was stopped by the addition of -Oml. of 3-5% perchloric acid and cooled in ice. The amount of inorganic 32p was determined by the method given by Murray & Wong (1967) . A control tube with NH3 omitted was used with each assay to allow for the adenosine triphosphatase activity of the cell-free extracts. It was not possible to use this method for the usual cell-free extracts of E. coli owing to their high adenosine triphosphate activity.
Protein determination. The amount of soluble protein in cell-free extracts was determined by a modification of the Folin method described by Lowry, Rosebrough, Farr & Randall (1951) .
RESULTS

Glutamate dehydrogena8e
Effect of the nitrogen source on glutamate dehydrogena8e in Aspergillus and Neurospora. A8pergillu8 nidutan8 was grown under standard conditions with sodium nitrate, ammonium tartrate, urea, Lglutamate or L-glutamine as sole nitrogen sources at nitrogen concentrations ranging from 5 mM to 100mnim. The cells were harvested and the specific activity of glutamate dehydrogenase was determined. The results are given in Fig. 1 ; each point represents the mean of at least two completely independent determinations of enzyme activity. Under the growth conditions used 5mM-nitrogen had a slight limiting effect on growth after 20 hr. incubation; all higher concentrations of nitrogen were non-limiting. It can be seen from Fig. 1 Effect of the nitrogen source on glutamine synthetase in E. coli B and E. coli K. Samples of the cells, grown on a range of nitrogen sources, which were assayed for glutamate dehydrogenase (see Fig. 2 ) were also assayed for glutamine synthetase activity. The results are given in Fig. 6 . Both E. coli 13 and E. coli K possess low glutamine synthetase activities when grown on all concentrations of ammonia, and both strains possess high glutamine synthetase activities on all concentrations of L-glutamate. Both strains possess high glutamine synthetase activity when grown on low concentrations of Lglutamine, but the enzyme activity decreases as the concentration of L-glutamine in the growth medium increases.
Ratio of glutamine synthetase synthetic activity to y-glutamyltransferase activity in extracts of Aspergillus and Neurospora. It has been claimed by Kingdon et al. (1967) that E. coli W produces two distinct forms of glutamine synthetase, depending on the manner in which the cells are grown. Cells grown on ammonium chloride produce mainly glutamine synthetase I whereas cells grown on Lglutamate produce mainly glutamine synthetase II. (Glutamine synthetase II is an adenylated form of glutamine synthetase I.) The two forms of the enzyme may be distinguished in a number of ways: in particular, glutamine synthetase I is comparatively active in the synthetic reaction and inactive in the y-glutamyltransferase reaction whereas the reverse is true for glutamine synthetase II (see Table 3 ). Aspergillus and Neurospora were grown on media containing either ammonia or L-glutamate as the sole nitrogen source and the cells assayed for glutamine synthetase by using both the assay for the synthetic reaction and the transferase reaction. The results are given in Table 3 together with'some published results (Kingdon et al. 1967 ) for comparison. The synthetic reaction/transferase reaction ratio is similar for both Aspergillus and Neurospora whether grown on ammonia or L-glutamate. glutamine synthetase synthetic in Aspergillus in the production of sufficient urea or L-glutamine, but it was increased three-to ess the synthesis of glutamate five-fold in the cells grown on L-glutamate. A posLe minimum. At lower concen-sible explanation is that L-glutamate induces the the effective concentration of synthesis of glutamine synthetase. The main owing to the utilization of objection to this hypothesis is that it does not readily tamate by various metabolic account for the low glutamine synthetase activity lyL-glutamine synthesis. The in the cells grown on 100mM-L-glutamate plus some ea is through their effect on the other nitrogen source at 5mM concentration. nmonia and subsequently on Although the addition of a second nitrogen source, With nitrate it has been shown particularly ammonia, might result in some extra utilization of L-glutamate it could not appreciably lower the very high concentration of L-glutamate. Yet the glutamine synthetase activities are low in spite of the presence of a high concentration of the supposed inducer L-glutamate. An alternative hypothesis is that as a result of repression by Lglutamine the concentration of L-glutamine determines the rate of synthesis of glutamine synthetase. On this basis cells utilizing nitrate or ammonia or urea are synthesizing sufficient L-glutamine to keep the synthesis of glutamine synthetase down to the basal amount since neither ammonia nor L-glutamate is limiting. The situation for cells growing on L-glutamate is different. Repression by the high concentration of L-glutamate results in a very low glutamate dehydrogenase activity, yet deamination by the action of glutamate dehydrogenase is the only direct means of obtaining ammonia from Lglutamate available to the cells. Consequently in cells growing on L-glutamate the concentration of ammonia is low and this limits the synthesis of Lglutamine by glutamine synthetase. The low concentration of L-glutamine results in de-repression of the synthesis of glutamine synthetase and consequent high activity of the enzyme. This hypothesis readily explains the low activity of glutamine synthetase found in cells growing on 100mM-Lglutamate plus a second nitrogen source at a much lower concentration. The minor nitrogen source results in the production of ammonia, which together with the L-glutamate allows the production of L-glutamine and consequent repression of glutamine synthetase synthesis.
The arguments presented above support the simple hypothesis that the synthesis of glutamate dehydrogenase is controlled by L-glutamate repression and the synthesis of glutamine synthetase by L-glutamine repression. Most of the relevant data have been obtained from A. nidulan8 but the situation is almost certainly the same in N. crassa. The position is more complex in E. coli owing to the presence of two forms of glutamine synthetase, but the hypothesis certainly accounts for the relevant observations reported in the literature and those given here. Now that the true effectors, L-glutamate and L-glutamine, are known for glutamate dehydrogenase and glutamine synthetase in A. nidulans it is possible to devise experiments for the production of mutants that are de-repressed with respect to the synthesis of these enzymes.
